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Description 



PHOTOCHEMOTHERAPEUTIC METHOD 
USING 5-AMINOLEVULINIC ACID AND 
OTHER PRECURSORS OF ENDOGENOUS 
PORPHYRINS 
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plication No. 08/082,113 (now U.S. Patent No. 
5,422,093), filed June 28, 1993, which is in turn a Contin- 
uation-in-part of Application No. 07/865,151 (now U.S. 
Patent No. 5,234,940), filed April 8, 1992, which is in turn 
a Continuation-in-part of Application No. 07/783,750 
(now U.S. Patent No. 5,211,938), filed October 28, 1991, 
which is in turn a Continuation of Application No. 
07/386,414 (now U.S. Patent No. 5,079,262), filed July 28, 



1989. 
Field of Invention 

[0002] This invention relates to the detection and treatment, by 
induced fluorescence and photochemotherapy, respec- 
tively, of certain tissue abnormalities (both cancerous and 
non-malignant of endogenous and exogenous origin), hy- 
perproliferative cells, and normal cells. The invention also 
relates to the detection and treatment of abnormalities in 
body fluids or suspensions of tissues containing abnormal 
cells by induced fluorescence and photochemotherapy. 
Background of Invention 

[0003] Tissue abnormalities involving the skin usually are de- 
tected and assessed by a combination of visual inspection 
and palpation. In certain clinical situations the sensitivity 
of the visual inspection can be enhanced by the use of 
non-white light (either ultraviolet or a narrow band in the 
visible), or by the prior application of a contrast-en- 
hancing agent such as dilute acetic acid or certain stains. 
Tissues abnormalities that involve surfaces that cannot be 
palpated (such as the bronchi or the urinary bladder) may 
be visualized via an appropriate scope. Some specialized 
scopes can detect induced fluorescence. If the abnormality 



in question is associated with a difference in either the 
extent or the pattern of tissue vascularization, such a 
scope may be used to determine the limits of the area in- 
volved by the abnormality, by visualizing an injected bolus 
of fluorescein or other fluorescent material as it passes 
through the vasculature of both the lesion and the adja- 
cent normal tissue. 
[0004] | n addition, fluorescence-detecting scopes are being used 
experimentally to identify areas of tissue that show strong 
porphyrin fluorescence following the intravenous injection 
of exogenous porphyrins such as hematophorphyrin IX 
(HplX), hematoporphyrin derivative (HpD), or "dihemato- 
porphyrin ether". Such porphyrins tend to accumulate 
semi-preferentially in malignant tissues, but they also ac- 
cumulate in tissues that are regenerating following an in- 
jury or in the rapidly growing tissues of an embryo or fe- 
tus. Normal liver, spleen, and kidney also tend to accumu- 
late these porphyrins. Using such compounds and fluo- 
rescence-detecting scopes, areas of malignant tissue too 
small to be identified by standard forms of visual inspec- 
tion have been identified in the bronchi and in the urinary 
bladder. 

[0005] Unfortunately, a clinically significant (photosensitizing) 



amount of porphyrin may persist in the skin for at least 
two weeks, (occasionally for more than two months) fol- 
lowing the intravenous injection of HplX, HpD, or a semi- 
puridied preparation of HpD, such as Photofrin II. 
(Photophrin is a registered trademark of Quadra Logics, 
Inc. Vancouver, British Columbia, Canada.) This means 
that patients must avoid exposure to sunlight (either di- 
rect, or through window glass) for an inconveniently long 
period of time post-injection. Understandably, patient 
compliance often is poor, and accidental phototoxic "sun- 
burn" is a common occurrence in the weeks following a 
diagnostic or therapeutic injection of porphyrin. Persistent 
photosensitivity is the major hazard associated with this 
technique, and is the main reason why it is not used more 
widely. 

[0006] The standard treatments for cancer comprise surgery, ra- 
diotherapy and chemotherapy. However, other forms of 
treatment are also known, including photochemotherapy 
or photodynamic therapy (PDT), based on the discovery 
made over 90 years ago that unicellular organisms, i.e., 
certain rapidly growing cells (such as cells of the Lower 
Kingdom, now referred to as Protista), treated with certain 
chemicals will die when exposed to light. Thus, synthetic 



porphyrins have been shown in vitro to protect cells from 
infections such as parasites, e.g., tyromastigotes and 
sphaeromastigotes of Tyropanosoma cruzi, J. Parasitol., 
75(6) 1989, p. 970-976, and gram positive bacteria, my- 
coplasma and yeasts, Malik et al. J. Photochemistry and 
Photobiology, B. Biology 5 281-293 (1990). P. acne is 
known to, in vitro, produce intracellular protoporphyrin in 
the presence of exogenous ALA. Kjeldstad, Conference on 
Photosensitization and Photochemotherapy of Cancer, Det 
Norske Videnskaps-Akademi, March 16-17, 1993, Oslo, 
Norway. 

[0007] pdt is currently being used, on an experimental basis, to 
treat several different types of cancer as well as certain 
non-malignant lesions such as psoriasis. The patient is 
given a photo-activatable drug that has some degree of 
specificity for the tissue being treated. A tissue volume 
that includes the target tissue is then exposed to pho- 
toactivating light so as to destroy the target tissue while 
causing only mild and reversible damage to the other tis- 
sues in the same treatment volume. 

[0008] There are two main types of photochemotherapeutic 

agents in clinical use at present. The first type, methoxyp- 
soralens, are given systemically. Ultraviolet light is essen- 



tial to activate them. Localized exposure of psoralen- 
containing tissues to ultraviolet light induces a localized 
photochemical reaction that causes the drug to bind cova- 
lently to the DNA of living cells, thus destroying their pro- 
liferative potential. The second type, porphyrins and re- 
lated photosensitizers, are also given systemically (by in- 
travenous injection), although occasionally they are given 
either topically or by intralesional injection. They can be 
activated by visible (red) light. The localized exposure of 
porphyrin-containing tissues to such light ordinarily does 
not induce a chemical reaction between cell components 
and the porphyrin molecules. Instead, the porphyrins act 
as catalysts by trapping the energy of the photoactivating 
light and then passing it on to molecules of oxygen, which 
in turn are raised to an excited state that is capable of ox- 
idizing adjacent molecules or structures. Cell death is not 
caused primarily by damage to the DNA, but by damage to 
essential membrane structures. The goal of pho- 
tochemotherapy is sometimes cure (mainly for basal cell 
carcinomas), but usually the goal is palliation through lo- 
cal control when none of the standard forms of therapy 
are considered likely to offer a significant degree of bene- 
fit to the patient. 



[0009] Methoxypsoralen (PUVA) therapy is used mainly for the 
treatment of psoriasis, but sometimes it is also used to 
treat very superficial cancers that involve the skin (mainly 
mycosis fungoides). However, there are two serious prob- 
lems with such treatments. First, the procedure has been 
demonstrated in humans to be carcinogenic. Second, the 
depth at which malignant tissue can be killed is limited to 
a few millimeters below the illuminated surface. These 
problems severely limit the usefulness of the methoxyp- 
soralens for photochemotherapy. 

[0010] 5-Amino-4-oxopentanoic acid, also known as 

5-aminolevulinic acid and as 8-aminolevulinic acid ("ALA") 
has been described in the cross referenced patents and 
patent applications first set forth in this specification for 
detecting and treating rapidly growing cells. ALA has also 
been reported for use in attenuating the growth and 
killing plants and insects when applied directly to such 
organisms followed by exposure to light, based on work 
of Rebeiz et al. 

[0011] Synthetic porphyrins have also been used as pho- 

tochemotherapeutic agents in treating rapidly growing, 
e.g. rapidly dividing or rapidly metabolizing infectious 
cells, such as infectious pathogens, including protozoal 



parasites, such as Plasmodium falciparium (which causes 
malaria in humans), various other species of Plasmodia, 
Leishmania, and amoebae, pathogenic fungi, and mi- 
croplasma, including the various parasitic forms, all such 
cells and organisms being referred to herein as Protista. 
The term Protista as used here and in the literature refers 
to the lowest orders of the animal and vegetable king- 
doms, single celled or collections of single celled organ- 
isms including: the eukaryotes, including protozoa, fungi 
and algae, and the prokaryotes, which are bacteria and 
blue-green algae. 
[0012] At present, the porphyrins most commonly used for pho- 
tochemotherapy are Hematoporphyrin IX (HplX), Hemato- 
porphyrin derivative (HpD) and various semi-purified 
preparations of HpD such as commercially available 
Photofrin7 II, a semi-purified form of HpD. When por- 
phyrins are used as photosensitizers, cell death results 
from damage to cell membranes. Consequently, malignant 
transformation is not a serious problem. Moreover, since 
the visible (red) light that is used to photoactivate por- 
phyrins penetrates tissue much more deeply than does 
the ultraviolet light that must be used to photoactivate 
methoxypsoralens, the depth at which porphyrin-treated 



tissue can be killed is substantially greater. Also, since 
certain types of porphyrins show a significant tendency to 
accumulate preferentially in malignant tissues, it is some- 
times possible to destroy malignant tissue without caus- 
ing clinically significant damage to adjacent normal tis- 
sues. 

[0013] The main problem with the systemic use of HplX, HpD and 
Photofrin II is that photosensitizing concentrations persist 
in the skin for several weeks to several months following 
their administration. Consequently, severe accidental 
phototoxic skin reactions may occur unless the patient 
avoids exposure to sunlight (either direct, or filtered 
through window glass) until the concentration of the pho- 
tosensitizer in the skin has been reduced to a harmless 
level. At present, the problem of photosensitivity follow- 
ing the administration of porphyrins is handled by advis- 
ing the patient to avoid any form of exposure to sunlight 
(or to very bright artificial lights) for a period of at least 
two weeks post-injection, and to initiate subsequent ex- 
posure to sunlight very cautiously. Not all patients comply 
with these instructions, since it often is quite inconvenient 
to do so. In addition, the use of a sunscreen with a high 
blocking factor is recommended with warning that this 



will only reduce the hazard somewhat, not eliminate it 
completely. In a few cases, patients whose photosensiti- 
zation persisted for more than a month post-treatment 
have been given large daily doses of beta-carotene over a 
period of several months in an attempt to prevent acci- 
dental phototoxic damage. Finally, attempts have been 
made to reduce phototoxicity by applying the photosensi- 
tizer topically to a limited area. 
[0014] However, another type of problem is encountered if HplX 
or HpD is applied topically in DMSO (dimethylsulfoxide), 
Azone, or some other vehicle intended to enhance their 
diffusion through tissue. The porphyrins tend to become 
immobilized wherever they happened to be when the 
DMSO or Azone becomes diluted by normal tissue fluids 
to such an extent that the porphyrins can no longer dif- 
fuse through the tissue (or even remain in solution). Con- 
sequently, the topical application of porphyrins often is 
associated with a loss of specificity for malignant tissues, 
and normal tissues near the site of application may de- 
velop persistent photosensitization from the localized 
concentration of porphyrin. 
Object of Invention 

[0015] it is an object of the present invention to provide a 



method for the detection of certain types of malignant 
and non-malignant cells including a collection of cells, 
and tissue abnormalities by induced fluorescence. 

[0016] it is yet another object of this invention to provide a pho- 
todynamic (photosynthesizing) treatment method using 
an agent which can be administered either systemically or 
topically which is not in itself a photosenthesizer but 
which induces the synthesis or accumulation or both of 
protoporphyrin IX (PplX) and other endogenous por- 
phyrins, their precursors and their photoproducts, in 
rapidly growing cells, including abnormal cells in other- 
wise normal tissues, in vivo or in vitro. 

[0017] The terms porphyrin(s) and their precursors refer to com- 
pounds produced in vivo in the synthesis of heme and 
other endogenously produced photoactivatable com- 
pounds including their photoproducts. 
Summary of Invention 

[0018] This invention is based on the finding that exogenously 
administered ALA and other precursors of PplX are me- 
tabolized in patients to PplX and that PplX preferentially 
accumulates in rapidly growing cells, as contrasted with 
less rapidly growing cells. The rapid growth is correlated 
with the metabolic activity, so that the differential accu- 



mulation is affected by the relative metabolic activity be- 
tween different cells. 
[0019] This invention provides a method for detecting in a pa- 
tient, a malignant or non-malignant lesion or abnormality 
which is sensitive to PplX, namely those which preferen- 
tially accumulate PplX, comprising administering to said 
patient an effective amount of a precursor of PplX in the 
biosynthetic pathway for heme so as to induce an accu- 
mulation of PplX in said lesions, and exposing said lesions 
to light having a wavelength within the absorption spec- 
trum of said PplX, thereby to induce fluorescence in said 
lesions. 

[0020] Another aspect of this invention is a method for treating 

malignant and non-malignant hyperproliferative lesions of 
the skin, mucosa, endometrium and urothelium which are 
sensitive to PplX in a patient, comprising administering to 
said patient an effective amount of a precursor of PplX in 
the biosynthetic pathway for heme so as to induce syn- 
thesis or accumulation or both of PplX or other endoge- 
nous porphyrins, their precursors and their photoproducts 
in said lesions, and exposing said lesions to light having a 
wavelength within the photoactivating action spectrum of 
said PplX to thereby induce photoactivation in said le- 



sions. 

[0021] Thus, the rapidly growing cells involved can be either ma- 
lignant or non-malignant hyperproliferative cells. The hy- 
perproliferative cells can be normal, rapidly growing cells 
or abnormal cells in otherwise normal tissue. The abnor- 
mal cells in an otherwise normal tissue can include abnor- 
mal rapidly growing cells endogenous to the patient or 
abnormal, rapidly growing cells which are exogenous to 
the patient. These rapidly growing cells that are exoge- 
nous to the patient shall, for convenience, be referred to 
hereby, depending on the degree of generality, as rapidly 
growing exogenous cells, rapidly growing Protista cells 
and rapidly growing parasite cells. 

[0022] one aspect of this invention is induction in vivo or in vitro 
of the biosynthesis and selective accumulation of fluo- 
rescing or photosensitizing concentrations of protopor- 
phyrin IX or other endogenous porphyrins such as copro- 
porphyrin I, coproporphyrin III, uroporphyrin I, uropor- 
phyrin III, or fluorescent metalloporphrins such as zinc 
protoporphyrin IX in Protista and parasites of humans or 
other animals, by exposing said Protista and endogenous 
cells under appropriate conditions in vivo or in vitro to an 
effective concentration of 5-aminolevulinic acid or other 



precursor of said porphryin(s) in the biosynthetic pathway 
for heme. 

[0023] still another aspect of this invention is the detection or 

enumeration of Protista and parasites of humans or other 
animals, by inducing in vivo or in vitro (ex vivo) the 
biosynthesis and selective accumulation of fluorescing 
concentrations of protoporphyrin IX or other endogenous 
porphyrin in the parasites as described previously, and 
then using such fluorescence to detect, enumerate, or 
otherwise quantify said Protista and parasites. 

[0024] yet another aspect of this invention is the selective killing 
of Protista and parasites of humans or other animals in 
vivo or in vitro, by inducing the biosynthesis and selective 
accumulation of photosensitizing concentrations of pro- 
toporphyrin IX or other endogenous porphyrin in the Pro- 
tista or endogenous cells as described above, and then 
exposing the photosensitized parasites to an effective 
dose of light of wavelengths lying within the photoactiva- 
tion spectrum of said porphyrin(s) or of photosensitizing 
photoproducts of said porphyrin(s) that may be produced 
during said exposure. 

[0025] By another aspect of this invention there is provided use 
of a composition comprising a precursor of protopor- 



phyrin IX in the biosynthetic pathway for heme for the 
manufacture of a medicament for treating malignant and 
non-malignant tissue abnormalities and lesions. 
[0026] | n preferred aspects of this invention the preferred pre- 
cursor of protoporphyrin IX is 5-amino-4-oxo-pentanoic 
acid, otherwise known as 5-aminolevulinic acid, and a 
preferred wavelength of the photoactivating light is in the 
range of 625 to 670 nm, more preferably a red light of 
625 to 640 nm. 

[0027] other objects, features and advantages of the present in- 
vention will become apparent from the following detailed 
description. It should be understood, however, that the 
detailed description and specific examples, while indicat- 
ing preferred embodiments of the invention, are given by 
way of illustration only, since various changes and modifi- 
cations within the spirit and scope of the invention will 
become apparent to those skilled in the art from this de- 
tailed description. 
Detailed Description of the Drawing 

[0028] Figure 1 illustrates the duration of survival of individual 

mice following the injection of spleen cells infected with P. 
yoelii. Group (1) mice were given spleen cells that had 
been exposed to ALA in vivo by then kept in the dark. The 



average survival of the recipients of these cells was 15 
days. Group (2) mice were given the same number of cells 
from the same cell suspension afterit had been exposed 
to photoactivating light. All of these mice remained in 
good health for 90 days, at which time the experiment 
was terminated. 
Detailed Description of Preferred Embodiment 

[0029] Protoporphyrin IX (PplX), a naturally occurring photosensi- 
tizer, is the immediate precursor of heme in the heme 
biosynthetic pathway. All nucleated cells have at least a 
minimal capacity to synthesize PplX, since heme is neces- 
sary for the synthesis of various essential heme-con- 
taining enzymes. Certain types of cells and tissues can 
synthesize relatively large quantities of PplX. Under nor- 
mal conditions, the synthesis of PplX in such tissues is 
under such tight feed-back control that the cells produce 
it at a rate just sufficient to match their need for heme. 
However, the usual rate-limiting step in the process, the 
synthesis of 5-aminolevulinic acid, can be bypassed by 
the provision of exogenous ALA, porphobilinogen, or 
other precursor of PplX. Certain tissues and organs will 
then accumulate such a large excess of PplX that they be- 
come both fluorescent and photosensitive. At least in the 



case of the skin, the PplX appears to be synthesized in 
situ. ALA, which is commercially available from Sigma 
Chemical Company and other sources and which is water 
soluble, can be administered orally, topically or by injec- 
tion. The oral and parenteral routes lead to the induction 
of clinically useful concentrations of PplX in certain benign 
and malignant tissues throughout the body. Only certain 
types of tissue synthesize and accumulate clinically useful 
amounts of PplX when provided with an excess of ALA. By 
the expression "rapidly growing cell" is meant herein any 
lesion, abnormal cell or normal cell that exhibits cell 
growth substantially greater than that of the surrounding 
tissues and that preferentially accumulates protoporphyrin 
IX from exogenous ALA. Thus, the cells include rapidly 
growing cells that are endogenous to the patient and 
rapidly growing exogenous cells such as Protista and par- 
asite cells. The term "rapidly growing cells" is also used 
here to include living, metabolically active cells as con- 
trasted with metabolically inactive (dead or dormant) cells 
such as found in the malarial applications of this inven- 
tion. 

[0030] At the present time, treatment of basal cell, baso- 

squamous and squamous cell carcinomas and other le- 



sions of the skin, mucosa (respiratory, digestive, and 
vaginal), endometrium and urothelium is contemplated. 
Sites, which could include lesions or cellular abnormali- 
ties, generally are those of epithelial or endothelial origin 
including but not limited to those involving (i) skin, circu- 
latory system and conjunctiva; (ii) the lining of the mouth, 
pharynx, esophagus, stomach, intestines and intestinal 
appendages, rectum, and anal canal; (iii) the lining of the 
nasal passages, nasal sinuses, nasopharynx, trachea, 
bronchi, and bronchioles; (iv) the lining of the ureters, 
urinary bladder, and urethra; (v) the lining of the vagina, 
uterine cervix, and uterus; (vi) the parietal and visceral 
pleura; (vii) the lining of the peritoneal and pelvic cavities, 
and the surface of the organs contained within those cavi- 
ties; (viii) the dura mater and meninges; (ix) any tissues or 
suspensions of body fluids containing abnormal cells, in- 
cluding blood, that can be made accessible to photoacti- 
vating light either in vitro, at time of surgery, in vivo 
through the skin via surface irradiation or via an optical 
fibre inserted through a needle; (x) all exocrine glands 
and associated ducts, including: mammary glands, seba- 
ceous glands, ceruminous glands, sweat glands, and 
lacrimal glands; mucus-secreting glands of the digestive, 



urogenital, and respiratory systems; salivary glands; liver, 
bile ducts, and gall bladder; pancreas (exocrine compo- 
nent); gastric and intestinal glands; prostate; Cowper's, 
Bartholin's and similar glands. It is also contemplated that 
cell abnormalities in the gonads (testes and ovaries), thy- 
mus, spleen, lymph nodes, bone marrow, lymph and 
blood would also be treated according to the invention. 
Tumors of the nervous system or connective tissues 
(sarcomas) would also be treated according to this inven- 
tion. 

[0031] Treatment of non-malignant lesions such as genital warts 
and psoriasis and of endometrial tissues for indications 
such as contraception, vaginal bleeding and endometrio- 
sis is also contemplated. 

[0032] As used herein the term "skin" includes: 

[0033] (a) the covering of the external surface of most of the 
body, commonly termed the skin. 

[0034] (b) the covering of the external genitalia: labia majora, 

labia minora, clitoris, and associated structures, glans pe- 
nis, prepuce, and associated structures 

[0035] (c) the covering of the zone of transition between skin 

and the mucosa of the digestive system: anal verge, Ver- 
million border of the lips 



[0036] (□) the lining of the external auditory meatus, and the 
covering of the external surface of the tympanic mem- 
brane 

[0037] (e) all exocrine glands and associated ducts that are lo- 
cated at least partially within an epidermal surface de- 
scribed above, or within the underlying dermis, such as 
the pilosebaceous units of the skin. 

[0038] The term "mucosa" includes: 

[0039] (A) the lining of the whole of the respiratory tract: nasal 

passages and nasal sinuses, nasal pharynx and associated 
structures, larynx, vocal cords, and associated structures, 
trachea, bronchi, and bronchioles 

[0040] (B) the lining of the whole of the digestive tract: oral cavity 
and tongue, oral pharynx and laryngeal pharynx, esopha- 
gus, stomach, small intestine, large intestine, caecum, 
and appendix, sigmoid colon and rectum, anal canal 

[0041] (c) the lining of the whole of the urogenital tract: urethra, 
bladder, and ureters, renal pelvis and renal calyces, 
vagina, uterine cervix, uterus, and Fallopian tubes, vas 
deferens, seminal vesicles, ejaculatory duct, ampulla of 
vas, epididymis, and associated structures 

[0042] (□) the conjunctiva and the lining of the tear ducts. 



[0043] (e) all exocrine glands and associated ducts that are lo- 
cated at least partially within one of the mucosal surfaces 
described above, or within the underlying submucosa. 

[0044] This invention is especially useful for the treatment of 

diseases of Protista and parasitic origin, as defined above, 
particularly acne, malaria and other parasites or lesions 
resulting from parasites. 

[0045] The term "parasite" includes parasites of humans and 

other animals, including parasitic protozoa (both intracel- 
lular and extracellular), parasitic worms (nematodes, 
trematodes, and cestodes) and parasitic ectoparasites 
(insects and mites). 

[0046] The parasitic Protozoa include:malarial parasites of hu- 
mans or other animals, malarial parasites of humans, 
Plasmodium falciparum, Plasmodium ovale, Plasmodium 
malaria, Plasmodium vivax, leishmanial parasites of hu- 
mans and or other animals, leishmanial parasites of hu- 
mans, Leishmania tropica, Leishmania major, Leishmania 
aethiopica, Leishmania brasiliensis, Leishmania guyanen- 
sis, Leishmania panamenis, Leishmania peruviana, Leish- 
mania mexicana, Leishmania amazonensis, Leishmania pi- 
fanoi, Leishmania garnhami, Leishmania donovani, Leish- 
mania infantum, Leishmania chagasi, trypanosomal para- 



sites of humans and/or other animals, trypanosomal par- 
asites of humans, Trypanosoma cruzi, Trypanosoma bru- 
cei gambiense, Trypanosoma brucei rhodesiense, amoebic 
parasites of humans and/or other animals, amoebic para- 
sites of humans, Entamoeba histolytica, Naeglaria species, 
Acanthamoeba species, Dientamoeba fragilis, miscella- 
neous protozoan parasites of humans or other animals, 
miscellaneous protozoan parasites of humans, Toxo- 
plasma gondii, Pneumocystis carinii, Babesia microti, 
Isospora belli, Cryptosporidium, Cyclospora species, Giar- 
dia lamblia, Balantidium coli, Blastocystis hominis, Mi- 
crosporidia species and Sarcocystis species. 
[0047] Some of these miscellaneous protozoa cause self-limiting 
disease in normal people, but serious problems in HIV pa- 
tients: 

[0048] parasitic nematodes in humans and/or other animals, 
parasitic nematodes in humans, filarial nematodes, 
Wuchereria bancrofti, Brugia malayi, Brugia timori, On- 
chocerca volvulus, Loa loa, Tetrapetalonema perstans, 
Tetrapetalonema streptocerca, Mansonella ozzardi, Dirofi- 
laria immitis, Dirofilaria tenuis, Dirofilaria repens, intesti- 
nal nematodes, Ascaris lumbricoides (roundworm), Neca- 
tor americanus (hookworm), Ancylostoma duodenale 



(hookworm), Strongyloides stercoralis (threadworm), En- 
terobius vermicularis (pinworm), Trichuris trichiura 
(whipworm), Trichostrongylus species, Capillaria philip- 
pinensis, tissue nematodes, Trichinella spiralis, Anasakis 
species, Pseudoterranova species, Dracunculus medinen- 
sis, parasitic trematodes in humans and/or other animals, 
parasitic trematodes in humans, Schistosoma mansoni, 
Schistosoma haematobium, Schistosoma japonicum, 
Clonorchis sinensis, Paragonimus species, Opisthorchis 
species, Fasciola hepatica, Metagonimus yokogawai, Het- 
erophyes heterophyes, Fasciolopis buski, parasitic ces- 
todes in humans and/or other animals, parasitic cestodes 
in humans, Taenia saginata, Taenia solium, Hymenolepis 
species, Diphyllobothrium species, Spirometra species and 
Echinococcus species 
[0049] The method of this invention comprises the administra- 
tion of ALA, other precursors of PplX and other endoge- 
nous porphyrins, to the patient. The administration can 
also be in vitro as applied to tissues of the patient, i.e., ex 
vivo. In ex vivo methods, tissue containing the rapidly 
growing cells are removed from the patient, an effective 
amount of ALA or endogenous porphyrin is added thereto, 
then the preparation is subjected to photoactivating light, 



before being read ministered to the patient. The amounts 
of ALA constituting an effective dose can be determined 
by one skilled in the art by analogy with the doses used 
for synthetic porphyrins, based on milligrams per kilo- 
gram body weight for in vivo systemic application and the 
typical concentrations for topical or ex vivo applications. 
The compound can be conveniently used orally or intra- 
venously at a dosage of about 10 to 100 mg/kg per single 
dose, preferedly as a dosage of 40-50 mg/kg; however 
split dosages of 10 mg/kg four times per day may also be 
given. The compound can be used topically at a dose of 
between 2% to 100%, with 100% being dry powder. Ex vivo 
concentrations of the compound are used on cell suspen- 
sions in a range of l-5mM, with a preferred range of 
l-2mM; however, if serum is present, a higher dose of 
about 15 mM should be used. If ex vivo use on whole 
blood, the compound is used at about 15 mM; however, if 
an iron kelator, such as Desferol® or des ferroxamine, a 
lower concentration may be used. 
[0050] Thus, one application for the method of this invention is 
the detection and quantitation of parasites by ALA-in- 
duced fluorescence. The foregoing includes fluorescence 
flow cytometry of suspensions of cells or parasites ex 



vivo, fluorescence microscopy of cells, including but not 
limited to tissues, body fluids, fecal material in vivo or ex 
vivo, and quantative spectrophotofluorimetry of cells, in- 
cluding but not limited to tissues, body fluids, urine, or 
fecal material in vivo or ex vivo. 
[0051] Another application for the method of this invention is the 
killing of parasites preferentially photosensitized by ex- 
posure to ALA or an endogenous porphyrin either in vivo 
or ex vivo. The conjunctiva, which can be treated either 
topically or systemically with ALA, followed by, after an 
appropriate period of time, exposure of the skin or con- 
juctiva to photoactivating light. The parasites can also be 
present in the peripheral blood, in which case the ALA can 
be administered systemically, followed by, after an appro- 
priate time, which can be easily experimentally deter- 
mined, exposing the defined area of the skin or the blood 
passing through a large vein to photoactivating light via 
an optical guide within a transparent catheter that has 
been inserted into the vein. Parasites located within one 
cm. of the surface of hollow organs that are accessible to 
fiberscopic examination (respiratory tract, digestive tract, 
urogenital tract, abdominal cavity, pelvic cavity, thoracic 
cavity) can be diagnosed or treated by systemic adminis- 



tration of the ALA, followed by, after the appropriate pe- 
riod of time, exposure of the surface of the target tissue 
via an appropriate light guide. Parasites located at sites 
that are not readily accessible to fiberscopic examination 
can be treated with the photoactivating light via a light 
guide that has been surgically introduced into the target 
area through a needle or following surgery. 

[0052] Additional applications of the method of this invention are 
to detect very low levels of metabolically active malarial 
parasites in peripheral blood or marrow cell suspensions. 
Such detection can be used to screen banked blood or as 
a screening procedure for patients suspected to have vi- 
able malarial parasites. The screening method using ALA 
would be accomplished by flow cytometry. 

[0053] still another application for the method of this invention 
would be to distinguish between metabolically active 
("viable") and inactive ("non-viable") malarial parasites to 
evaluate the response to therapy in patients infected with 
drug-resistant malaria more quickly than is now possible. 
Present methods for quantitating the level of parasitemia 
do not distinguish between viable and non-viable para- 
sites. Thus, parasites that have been killed as a result of 
recent therapy may not be distinguishable from viable 



parasites. If the parasites are in fact resistant to the spe- 
cific drug(s) that are being used for therapy, resistance to 
these drugs (as shown by failure to reduce the level of 
parasitemia) may not become obvious for some time after 
the initation of therapy. 

[0054] | n some cases it might be life-saving to recognize more 
quickly that a particular drug is not effective. Since ALA 
induces fluorescence only in Plasmodia that are metaboli- 
cally active, it is possible to distinguish between "viable" 
and morphologically similar "non-viable" malarial para- 
sites in the peripheral blood. Drugs that fail to produce a 
decrease in the proportion of the erythrocytes that accu- 
mulate PplX fluorescence when exposed to ALA in vitro 
could be identified quickly and replace by other drugs that 
possibly might be more effective. The technology would 
not necessarily require flow cytometry, since relatively 
simple and much less expensive fluorometers could be 
used if the level of parasitemia is sufficiently high. 

[0055] | n cases of partially drug-resistant malaria in which there 
is a slow response to the drugs, it may be difficult to 
know when it is safe to discontinue therapy. Since ALA- 
induced PplX fluorescence can detect viable Plasmodia at 
very low levels of parasitemia, the technique might be 



used to verify that the parasitemia has been reduced to 
undetectable levels before maintenance therapy is discon- 
tinued. However, flow cytometry would be required for 
such low-level measurements. 
[0056] The foregoing could also be used to screen in vitro for 
sensitivity/resistance of the Plasmodia from a given pa- 
tient to selected anti-malarial drugs, since ALA induces 
fluorescence only in Plasmodia that are metabolically ac- 
tive. 

[0057] yet another application of this invention is the selectivel 
photosensitization and killing of malarial parasites in vivo 
or in vitro by exposing them to photoactivating light. The 
light would be transmitted to the malaria parasites in the 
circulating blood either through the skin, via an indwelling 
intravenous or intra-arterial catheter or by extracorporeal 
photodynamic therapy of blood, especially for patients 
who have failed to respond to other therapies, particularly 
those who might be considered candidates for a thera- 
peutic exchange transfusion. 

[0058] This invention is also particularly applicable to the treat- 
ment of fungal infections. Fungal infections are becoming 
of increasing importance in the past two decades due to 
the increasing number of immunocompromised patients, 



both by chemotherapy and diseases such as AIDS. Im- 
munosuppression results in an increased incidence of 
fungal infections. Fungal infections can be divided into 
three categories: cutaneous, subcutaneous, and systemic. 
Cutaneous infections are by far the most prevalent. Fungal 
infections predispose their hosts to bacterial superinfec- 
tions. 

[0059] The method of the instant invention is carried out in the 
same manner as that for synthetic porphyrins previously 
reported. More specifically, the method of this invention is 
used to detect or treat rapidly growing cells exogenous to 
the body, including Protista cells and parasites. 

[0060] The wavelength of the photoactivating light is of some 
importance, as it has been shown that between 1 and 10 
percent of incident red light (600-700 nm) can pass 
through a slab of human tissue 1 cm thick, whereas only 
0.001 percent or less of blue light (about 400 nm) can 
pass through the same thickness of human tissue. The 
photosensitizer will, therefore, be more successful if it 
absorbs red light. PplX does strongly absorb red light. The 
present approach has several advantages over the prior 
art. First endogenous PplX has a much shorter half-life in 
normal tissues (human and mouse, at least) than does 



HplX, HpD or Photofrin7 II. This greatly reduces the dan- 
ger of accidental phototoxic skin reactions in the days fol- 
lowing treatment. Second, the ALA can be applied topi- 
cally to certain types of lesions. This improves the speci- 
ficity of the treatment, reduces the danger of accidental 
phototoxic reactions to a very low level, and greatly re- 
duces the amount of both ALA and PplX to which the en- 
tire body would be exposed if an equally effective dose of 
ALA were to be given systemically. 
[0061] Both ALA and PplX are normal products of metabolism, 

and are handled quite readily by the biochemical machin- 
ery of the body. However, since very large doses of ALA 
(like large doses of HplX or HpD) are associated with a 
transient decrease in motor nerve conduction velocity, it is 
desirable to reduce the dose of ALA to the minimum that 
is still effective. Topical application requires much less 
ALA than systemic administration. Third, PplX is rapidly 
inactivated by the photoactivating light. Following expo- 
sure of tissues containing PplX to a therapeutic dose of 
photoactivating light, there is a substantial decrease in 
photosensitization of the tissues within the treatment vol- 
ume. Consequently, if PplX is induced by the topical appli- 
cation of ALA to specific lesions, the patient can be ex- 



posed to sunlight immediately post-treatment without 
danger of serious phototoxicity. Also, the dosimetry of the 
photoactivating light is great simplified. Fourth, ALA is an 
effective inducer of PplX when given by mouth, by topical 
application, or by injection. In contrast, HplX, HpD and 
Photofrin II are effective in most situations only when 
given by injection. The versatility of ALA enhances its ac- 
ceptability for routine use by the medical profession, since 
the oral and topical routes of administration are much 
more convenient than the parenteral. Fifth, the normal 
and abnormal tissues that can be photosensitized by the 
administration of ALA are somewhat different from those 
that can be photosensitized by the administration of HplX, 
HpD or Photofrin II. Consequently, ALA would be useful in 
clinical situations in which the other photosensitizers are 
not. 

[0062] Thus the present technique is not merely another way to 
do what can be done already but is, in fact, a significant 
advance in therapeutic capability. 

[0063] without further elaboration, it is believed that one skilled 
in the art can, using the preceding description, utilize the 
present invention to its fullest extent. In carrying out the 
method of this invention, the quantities of materials uti- 



lized are not in themselves critical and can be varied 
within the scope and spirit of the invention. The following 
examples are merely illustrative of preferred embodi- 
ments and not intended to be limitative of the remainder 
of the disclosure in any way whatsoever. 

[0064] Example 1 - Long Term Photodynamic Endometrial Abla- 
tion - Rats were divided into 2 groups (6 and 7 rats/ 
group) and their uterine horns were injected with 4 or 8 
mg ALA. Example 1, of U.S. application serial no. 
08/082,113, filed June 21, 1993 (U.S. patent no. 
5,422,093), was repeated with the exception that all rats 
were exposed to light and the time from ALA administra- 
tion to breeding was extended from 10-20 days to 60-70 
days. All other procedures were identical to Example 1. 

[0065] Breeding 60-70 days after photodynamic treatment with 4 
mg ALA resulted in no implantations in the uterine horns 
treated with ALA (n = 6) whereas fetuses were found in all 
control uterine horns treated with saline (n = 6). These 
results confirmed the long term endometrial ablative ef- 
fect of PDT. In the groups of rats (n = 7) treated with 8 
mg ALA 2 of 7 became pregnant in ALA treated uterine 
horns compared with 7 of 7 pregnancies in the saline 
treated horns. 



[0066] Histology - In order to show normal uterine histology of a 
nonpregnant uterine horn contralateral to a pregnant 
uterine horn one uterine horn was ligated at its distal end 
prior to breeding. At gestation of 10-15 days nonpreg- 
nant uterine horns were harvested and histologically pro- 
cessed. The uterine mucosa was lined with columnar ep- 
ithelium and there was hypertrophic infolding of endome- 
trial tissue with tortuous glands. In contrast, prior photo- 
dynamic treatment with ALA consistently resulted in an 
atrophic endometrium despite the hormonal stimulus of 
the contralateral pregnancy. 

[0067] Example 2 - The procedures of Example 1 (U.S. patent no. 
5,422,093) were repeated with 1, 2, 3, 4 and 5 hour incu- 
bation periods using a level of 1 mM of ALA. No signifi- 
cant fluorescence was observed in the myometrial sam- 
ples or in the endometrial samples incubated for 2 hours. 
Maximum fluorescence was observed in the endometrial 
samples incubated for 4 hours. 

[0068] Example 3 - Endometrial Fluorescence in vivo following 
Topical Application of ALA in the Non-human Primate - 
50 mg of ALA was injected into the uterine lumen of an 
adult, healthy, female rhesus monkey following exposure 
of the uterus at laparotomy. A hysterectomy was per- 



formed 3 hours later and cross sectional slices incorpo- 
rating endometrial and myometrial tissue were taken from 
the uterine specimen. These slices were subjected to ex- 
amination by fluorescence microscopy as in Example 2 
and 3 above. Fluorescence was observed throughout the 
endometrium of all slices. No fluorescence was observed 
in the myometrium. 

[0069] The above examples clearly illustrate that endometrial ab- 
lation in a range of animal species, including humans, by 
photodynamic therapy using ALA can be achieved with lit- 
tle or no damage to the underlying myometrial tissues. 

[0070] Example 4 - Detection or Treatment of Yeast and Fungi 

[0071] a. In Vitro Studies - Clinical isolates of Candida albicans, 
Candida glabrata, and Cryptococcus neoformans and en- 
vironmental isolates of Penicillium species, Aspergillus 
niger, Aspergillus fumigatus, and Alternaria species and 
Saccharomyces cerivisiae (brewer's yeast) obtained from 
the clinical microbiology laboratories of Kingston General 
Hospital, Kingston, Ontario, Canada were used. The or- 
ganisms were plated, and during rapid growth were 
treated with various concentrations of ALA varying from 
ImM to lOOmM by flooding or by using diffusion wells in 
the agar, while the isolates of Penicillium and Aspergillus 



were treated with 40% or 80% solutions of ALA in water 
and the Penicillium species, Alternaria species, Aspergillus 
niger and Aspergillus fumigatus were treated with 20% 
ALA in water via diffusion wells. Treatment of the various 
fungi resulted in fluorescence emission peaks that showed 
the characteristics of PplX. Positive PplX accumulation oc- 
curred in both molds and yeasts. 
[0072] b_ In Vivo Studies - The procedure of Giger et al. Infection 
and Immunity 19 (2) 499-509 (Feb. 1978) was used with 
the following modifications. A clinical specimen of C. albi- 
cans was replated in blood agar so it was actively growing 
and left at room temperature for 72 hours. The sample 
was suspended in TSB to McFarland 0.5 turbidity after 
which a 1.0 ml sample was inoculated into an aerobic cul- 
ture bottle and left shaking for 24 hours on a 37° C rotor 
shaker. A 10 ml sample was withdrawn and centrifuged at 
70,000 rpm for 10 minutes to separate the cells from the 
media. The supernate was discarded and the pellet resus- 
pended in 10 ml of TSB. Serial dilusions (10-1 to 10-5) 
were made in and replicated twice on agar and left to in- 
cubate for two days at 37°C. The McFarland 1.0 sample 
was centrifuged and the pellet resuspended in 1.0 ml 
buffer for injection. 



[0073] on day zero an intradermal injection of the C. albicans 
suspension (about 7 x 106 organisms/ml saline) was 
made into the right flank of 5 adult hairless mice. The 
amount was just enough to make a small vesicle under the 
skin. Lesions form by day 2. Later, some mice were given 
a second injection on the opposite side. 

[0074] Three hours prior to their sacrifice, the mice were given 
240mg/kg ALA (10 mg/ml) by intraperitoneal injection, 
with the exception of mouse #3 which was used as a con- 
trol. Fluorescence emission spectra on the live mice were 
taken every 15 minutes (mouse #1 readings every 20 min- 
utes) for 3 hours after injection on each lesion, and at 
various control areas of the mice - neck skin flap and lat- 
eral side opposite the lesion on mouse 5. Three hours af- 
ter the injection of ALA the mice were sacrificed and the 
lesions were excised. The lesions in mice 1,2,3, and 4 
were frozen in 2-methylbutane cooled to the temperature 
of liquid nitrogen. The frozen lesions were sectioned and 
slides were prepared for spectral analysis or fluorescence 
microscopy, H and E staining for histology, and Grocott 
silver stains for fungi identification. 

[0075] primary and secondary lesions showed increased PplX ac- 
cumulation relative to the control mice. 



[0076] Example 5 - (1) Selective induction of the synthesis and 
accumulation of protoporphyrin IX and/or other endoge- 
nous porphyrins within parasites in vivo or in vitro. 

[0077] | n v j vo _ |f the parasites in question involve the skin, con- 
junctiva, oral mucosa, nasal mucosa, anal mucosa, or 
urothalium, ALA may be applied directly to the surface of 
the affected tissue. If the parasites are located at sites that 
are not suitable for topical application, an effective 
amount of ALA is administered systemically, either by 
mouth, by subcutaneous injection, or by intravenous in- 
jection. 

[0078] | n v jtro - The material suspected of containing parasites is 
incubated under appropriate conditions in the presence of 
an effective concentration (generally around 5 mM) of 
ALA. 

[0079] Example 6 - IN VIVO STUDIES - The injection of an effec- 
tive dose of 5-aminolevulinic acid (ALA) into mice infected 
with P. yoelii leads to the accumulation of fluorescing and 
photosensitizing concentrations of protoporphyrin within 
metabolically active parasites. There is no such accumula- 
tion of protoporphyrin within non-viable parasites, or 
within normal erythrocytes or leukocytes. In parasitized 
erythrocytes, the protoporphyrin accumulation is localized 



to the parasite itself. 

[0080] Metabolically active (viable) malarial parasites can be dis- 
tinguished readily from parasites that are inactive (dead), 
since only parasites that are metabolically active can syn- 
thesize protoporphyrin. In addition, metabolically active 
(viable) malarial parasites can be killed selectively by ex- 
posing infected blood or cell suspensions to photoactivat- 
ing wavelengths of light. This procedure causes no signif- 
icant damage to the accompanying normal erythrocytes 
and leukocytes, since they do not accumulate enough 
protoporphyrin to become photosensitized. 

[0081] Example 7 - Demonstration, Quantification, and Analysis 
of ALA- Induced Fluorescence Within Erythrocytes Para- 
sitized by P. yoelii - Normal mice were given intraperi- 
toneal injections of blood or spleen cells obtained from 
mice infected with P. yoelii. When the malaria was well es- 
tablished, some of the infected mice were given a single 
intraperitoneal injection of 250 mg of ALA per kg of body 
weight. Controls included infected mice that were not 
given ALA, and non-infected mice that were given/not 
given ALA. 

[0082] At various intervals thereafter, suspensions of blood and/ 
or spleen cells were examined by the following tech- 



niques. 

[0083] Fluorescence Microscopy: Red fluorescence developed 

within parasitized erythrocytes of mice given ALA, but not 
within any of the controls. This fluorescence was localized 
to the Plasmodia. 

[0084] Fluorescence Flow Cytometry: Large numbers of erythro- 
cytes in suspensions of cells from the peripheral blood 
and spleen of heavily parasitized mice given ALA devel- 
oped red fluorescence. Cells from the control mice were 
uniformly negative. This technique permitted the rapid 
detection and enumeration of erythrocytes that contained 
metabolically-active parasites, and produced relative val- 
ues for the intensity of ALA-induced fluorescence in such 
erythrocytes. 

[0085] Spectrophotofluorometry: Blood and spleen cells from 

heavily parasitized mice given ALA were washed and pel- 
leted by centrifugation. Protoporphyrin was the only fluo- 
rophore that was identified by spectrophoto-fluorometry. 
As expected, cell pellets from the control animals con- 
tained only traces of protoporphyrin. 

[0086] Demonstration and Quantitation of ALA-lnduced Photo- 
sensitization of the Intra-Erythrocytic Stage of P. yoelii. 

[0087] Normal mice were given intraperitoneal injections of blood 



or spleen cells obtained from mice infected with P. yoelii. 
When the malaria was well established, some of the in- 
fected mice were given a single intraperitoneal injection of 
250 mg of ALA per kg of body weight. Controls included 
infected mice that were not given ALA, and non-infected 
mice that were given/not given ALA. 
[0088] At various intervals thereafter, suspensions of blood and/ 
or spleen cells were exposed to graded doses of photoac- 
tivating light. Light-induced loss of viability of the P. yoelii 
was demonstrated by (a) loss of infectivity, or (b) loss of 
ability to accumulate the fluorescent cleavage product of 
calcein-AM. 

[0089] (a) Infectivity Assay: Mice infected with P. yoelii were given 
a standard dose of ALA by intraperitoneal injection. Pe- 
ripheral blood and/or spleen cells were collected after a 
standard interval, exposed to standard doses of photoac- 
tivating light (including a no-light control) and then in- 
jected into normal mice. If the control (no-light) mice de- 
veloped malaria and died while the mice given cells that 
had been exposed to a given dose of light remained free 
of malaria and lived indefinitely, this was considered to be 
evidence that the light treated cell suspensions did not 
contain enough viable Plasmodia to cause an infection. 



[0090] For example, a Balb/c mouse with advanced malaria (P. 

yoelli) was given an intraperitoneal injection of 250 mg of 
ALA per kg of body weight. Four hours later, its spleen 
cells were suspended in isotonic saline. Half of the spleen 
cell suspension was placed on ice and ekxposed to pho- 
toactivating light (waveband 600-700 nm, intensity 100 
nW/cm2, total dose 540J/cm2), while the other half was 
kept on ice in the dark. Balb/c mice were injected in- 
traperitoneally with either the light treated or untreated 
sample. Survival of the mice was followed for 90 days. 
Figure 1 illustrates the duration of survival of individual 
mice following the injection of spleen cells infected with P. 
yoelii. 

[0091] (b) Photosensitization studies (Ex vivo studies, direct pho- 
toradiation): A group of 4 hairless female mice were used. 
Two mice were infected with P. yoelii and 2 other mice 
were non-infected. Mice infected with malaria were usu- 
ally in the 8th day following inoculation with Plasmodia. 
Mice were divided in two groups: one group was treated 
with ALA, the control group was not treated with ALA. 

[0092] Both groups were then kept in the dark for a period of 3 
hours. Mice were then sacrificed (overdoses of chloro- 
form) and infected blood cells were obtained from ho- 



mogenized spleen. Spleens were homogenized in 3cc of 
isotonic saline solution. From this homogenization lcc 
was taken and diluted in 24cc of isotonic saline solution, 
then from this dilution lcc was taken and placed in test 
tubes (a total of 8 tubes). Four tubes were kept in dark 
and four tubes were photo irradiated. 

[0093] The source of light was a tungsten lamp with a filter for 
red light (600-700 nm). The beam was 10 cm in diameter 
and the fluence about 70 mW/cm2. The samples were 
placed in ice on a turntable (33 rpm) to assure a uniform 
distribution of the light in the target cells. 

[0094] jo determine the viability of the Plasmodium after being 
irradiated, the contents of each tube were inoculated into 
hairless mice, and then the mice were followed for sur- 
vival. 

[0095] Control groups for light alone but not ALA, and ALA but 
not light, were also used to make sure that photsensitiza- 
tion was due to ALA plus light. 

[0096] (c) Spectrophotofluorimetric studies: A group of 8 hairless 
1 female mice were used. Four mice were in the 8th day 
post inoculation with Plasmodium yoelii with 35% para- 
sitemia and 4 normal mice were normal (non-infected). 
The mice were divided into 4 groups of two mice in each. 



[0097] j) 2 infected mice were given an IP injection of 250 mg/kg 
of ALA in PBS. 

[0098] jj) 2 normal (non-infected) mice were also injected IP with 
250 mg/kg of ALA in PBS. 

[0099] jjj) 2 reference controls were included: 2 infected mice 

with malaria and 2 non-infected mice, none received ALA. 

[0100] All 4 groups were kept at normal room temperature, in 

the dark, for 4 hours and then sacrificed. Mice were anes- 
thetized with chloroform and then blood was collected by 
cardiac puncture (heparinized syringe with 20G 1' needle). 
Approximately 0.9 cc blood was collected and transferred 
to a 5 cc test tube, kept on ice and in the dark. Test tubes 
were then centrifuged for 10 minutes. Using a spec- 
trophotofluorometer set for excitation at 410 nm and flu- 
orescence emission at 635 nm., fluorescence measure- 
ments were taken of the supernant and the pellet. 

[° 101 ] Hemolysis with 1% saponin was carried out in samples af- 
ter the first fluorescence measurements, and the free 
Plasmodia are centrifuged to form a pellet. Then fluores- 
cence measurements were taken from the pellet and the 
supernant. Protoporphyrin fluorescence was detected only 
in Plasmodial pellet derived from infected mice given ALA. 

[0102] (□) Flow cytometer studies (Pharmacokinetic studies): A 



group of 4 hairless female mice were used. Two mice were 
infected with P. yoelii and 2 other mice were not infected. 
Mice infected with malaria were usually in the 8th day post 
inoculation with the infected Plasmodia. ALA was given 
directly to the mice (250 mg/kg intraperitoneal), then 2 
drops of whole blood were withdrawn at regular intervals 
of time from the tail of each mouse and placed in 5 cc 
flow cytometer test tubes containing 0.5 cc of RPMI 1640 
and then analyzed by the flow cytometer to follow accu- 
mulation of PplX. Only infected mice given ALA developed 
fluorescence in their erythrocytes. 

[0103] For the in vitro studies, no ALA was given to the donor 

mice. Two drops of whole blood were withdrawn from the 
tail of each mouse and placed in a 35 mm petri dish con- 
taining 3 cc of RPMI 1640 without phenol red. 

[0104] j) a petr j dj S h contained infected whole blood with 5nM 
ALA in RPMI. 

[0105] jj) a second petri dish contained infected whole blood plus 

RPMI but not ALA. 
[0106] jjj) a third petri dish contained normal whole blood cells 

with 5mM ALA in RPMI. 
[0107] j v ) a fourth petri dish contained normal whole blood cells 

with RPMI but not ALA. 



[0108] All petri dishes were incubated at 37 Celsius and room air 
environment. Samples (0.5 cc) were taken at regular inter- 
vals from these incubated petri dishes to be analyzed in 
the flow cytometer to follow accumulation of PplX. Only 
cells from infected mice developed PplX fluorescence 
when incubated with ALA. 

[0109] Application of ALA-lnduced PplX PDT to the Treatment of 
Malaria. 

[0110] Malaria is caused by infection of the host with unicellular 
parasites known as Plasmodia. At one stage in their life 
cycle, the Plasmodia infect and develop within erythro- 
cytes of the peripheral blood, spleen, and/or marrow. 
They may infect the liver and certain other organs also. 

[0111] of the numerous species of Plasmodia that have been 
identified, only a few can infect humans. Plasmodia that 
cause malaria in mice but not humans provide a safe and 
convenient model for laboratory studies of malaria. 

[0112] These examples involve the murine malarial parasites 
Plasmodium yoelii (lethal strain) and Plasmodium 
chabaudi (non-lethal strain) as models for human malaria. 

[0113] in VIVO PHOTOSENSITIZATION - When mice infected with 
the murine malarial parasites P. yoelii or P. chabaudi were 
given an adequate dose of 5-Aminolevulinic Acid (ALA) by 



intraperitoneal injection, 

[0114] _ what appeared spectroscopically to be protoporphyrin 
(PplX) accumulated in many of the Plasmodia within ery- 
throcytes of the peripheral blood, spleen, and marrow. 
However, significant concentrations of PplX did not accu- 
mulate within the non-infected erythrocytes or within the 
great majority of the leukocytes in the infected mice. 

[0115] _ a fluorescent material that may have been a complex of 
protoporphyrin with a light metal (perhaps zinc protopor- 
phyrin) sometimes accumulated in association with the 
PplX. 

[0116] _ following exposure to an adequate dose of light of 

wavelengths within the photoactivation spectrum of PplX, 
the Plasmodia that had been exposed to ALA lost their 
normal ability to accumulate calcein when exposed to cal- 
cein-AM, and also lost their ability to cause malaria when 
injected into recipient mice. However, the non-infected 
erythrocytes and the leukocytes in the same cell suspen- 
sions showed no morphological evidence of damage fol- 
lowing exposure to the photoactivating light. 

[0117] in VITRO PHOTOSENSITIZATION - When peripheral blood, 
spleen, or bone marrow cells from mice infected with the 
murine malarial parasites P. yoelii or P. chabaudi were in- 



cubated under suitable conditions in the presence of an 
effective concentration of ALA, what appeared spectro- 
scopically to be protoporphyrin (PplX) accumulated within 
many of the Plasmodia in erythrocytes of the peripheral 
blood, spleen, or marrow. However, significant concentra- 
tions of PplX did not accumulate within the non-infected 
erythrocytes or within the great majority of the leukocytes 
in the infected mice. 
[0118] The exposure of metabolically active P. yoelii or P. 

chabaudi to an effective concentration of ALA under suit- 
able conditions in vivo or in vitro leads to the preferential 
accumulation of fluorescing and photosensitizing concen- 
trations of PplX in those Plasmodia, but not in non- 
infected erythrocytes or in the great majority of the leuko- 
cytes in peripheral blood, spleen, or bone marrow cell 
suspensions. 

[0119] piasmodia-specific ALA-induced fluorescence can be used 
to detect and quantitate metabolically active malarial par- 
asites in suspensions of cells from peripheral blood, 
spleen, or marrow. 

[0120] piasmodia-specific ALA-induced photosensitization can 
be used to destroy malarial parasites selectively, by ex- 
posing them in vitro or in vivo to an adequate dose of 



photoactivating light. 

[0121] Example 8 ACNE - Acne is an inflammatory follicular 
papular and pustular eruption involving the skin. The 
treatment of acne using the method of the instant inven- 
tion would be considered to be the treatment of either (a) 
endogenous lesions of the sebaceous apparatus of the 
skin due to intrafollicular hyperkeratosis or (b) exogenous 
bacteria cells present in the acne lesions, particularly Pro- 
pionibacterium (Corynebacterium) acne. 

[0122] Evaluation of PplX induced fluorescence in 8 subjects with 
mild to moderate truncal acne was performed. Bacterial 
infections are frequently associated with lesions of acne, 
e.g., P. acne. Following evaluation of baseline acne lesion 
fluorescence, ALA solution 10 and 20% was applied to 10 
5 cm 2 sites on the chest or back of volunteers and evalu- 
ated at times 0, 3, 8 and 24 hours after ALA application. 
One site of each concentration was also occluded with 
opaque film for 3 hours and evaluated at similar time 
points for comparison with unoccluded sites. Fluorescence 
of both acneiform lesions as well as surrounding normal 
skin was assessed visually using a 4 point grading system 
(0=none, 4=extremely severe) and documented photo- 
graphically. 



[° 123 ] In all subjects, unoccluded sites had a gradual increase in 
PplX fluorescence that was dose dependent, maximum at 
8 hours, specific for acne lesions and spared normal sur- 
rounding skin. These sites had weak or no fluorescence by 
24 hours. Little difference in fluorescence intensity was 
noted by lesion type (comedones vs papules vs pustules) 
in the same subject, however, time to maximal fluores- 
cence and maximal fluorescence intensity was variable 
from subject to subject. Lesions with surrounding ery- 
thema (larger papules and pustules) developed fluores- 
cence extending to the clinical limit of erythema. Vehicle 
control sites remained at baseline. In contrast, occluded 
sites developed PplX fluorescence in both acne lesions 
and normal surrounding skin that persisted longer than 
unoccluded sites and remained present at 24 hours. 

[0124] Example 9 - Cutaneous Fungal Infections - Historically, 
fungal infections have not attracted as much attention as 
bacterial infections. This focus of research has been due 
to a number of factors, most notably, the high incidence, 
the degree, and the effect of bacterial infections in hu- 
mans. However, this trend has changed in the past couple 
of decades. With the increasing number of immunocom- 
promised patients, both by iatrogenic (chemotherapy) and 



disease (AIDS) causes, the incidence of fungal infections 
has increased. This has coincided with an increase in the 
morbidity and mortality rates due to fungal infections in 
the last decade. 

[0125] Fungal infections can be divided into three categories: cu- 
taneous, subcutaneous and systemic. While the systemic 
infections (blastomycosis, candidiasis, etc.) have more se- 
rious sequelae, the cutaneous infections are much more 
prevalent. Between 1971 and 1974, fungal infections had 
a reported rate of 88/1000 persons in the U.S. with the 
non-invasive cutaneous infections responsible for 90% of 
the cases. (This is the number of reported cases. Because 
of the non-life threatening sequelae of cutaneous infec- 
tions, the actual incident rate is likely much higher.) They 
were also cited as the most common skin infection. 

[0126] Cutaneous infections can be further divided into three 
sub-categories: superficial, dermatophytoses and der- 
matomycoses. Superficial infections do not penetrate the 
outer layer of the skin and do not involve either the hair 
or nails. Tinea nigra, black piedra and white pedra are ex- 
amples of superficial fungal infections. Dermatophytoses 
are infections of the skin, hair, and nails, and include all 
layers of the stratum corneum. These infections are 



caused by dermatophytes, fungi which rarely cause dis- 
seminated infections. These organisms release kerati- 
nases, which likely explains their localization within the 
keratinized tissues. These fungi cause little mortality, but 
are a major cause of morbidity worldwide, and in North 
America a major expenditure of time and money. These 
infections predispose their hosts to bacterial superinfec- 
tions. Dermatomycoses are cutaneous infections caused 
by non-dermatophytes and have a greater chance of inva- 
sion and dissemination (e.g.. superficial candidiasis, 
mycetoma, sporotrichosis), especially in an immunocom- 
promised host. However, as stated before, the greater 
majority of fungal infections are caused by the non- 
invasive dermatophytes. 
[0127] Dermatophytes - Dermatophytes include Trichophyton 

spp., Microsporum spp. and Epidermophyton spp. genera. 
Ecologically, these fungi are anthrophilic (human to hu- 
man transmission), zoophilic (animal to human transmis- 
sion) and geophilic (soil to human transmission, possibly 
via an animal intermediary). Typically the anthrophilic 
fungi cause little inflammation (increasing the likelihood 
of chronic infection) and the zoophilic fungi cause a fu- 
runcular reaction. 



[0128] Dermatophytoses are named "tinea" followed by the body 
location (e.g., tinea capitis is an infection of the head). 
Table 1 lists the dermatophytoses and their causative der- 
matophyte as found in a survey of dermatological visits by 
U.S. Army personnel. This data has been supported by 
data collected from surveys of students, inmates, and 
other armed forces personnel in the U.S. The most com- 
mon dermatophyte worldwide is T. rubrum (survey of ma- 
jor dermatologic centers). 



Table 1 

Incidence of Dermatophytoses 
and the Causative Dermatophytes 
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[0129] clinical Presentation - These infections are not life threat- 
ening but they can cause a significant amount of discom- 
fort. Typically they cause scaling, fissuring, peeling, itch- 
ing, burning erythema, and in some circumstances, mac- 
eration. Tinea capitis usually causes reversible hair loss. T. 
mentagrophytes and T. verrucosum can produce a violent 
inflammatory reaction. As well, these infections are not 
pretty and can have serious aesthetic consequences. The 
outcome of these infections is either a spontaneous cure, 



a cure by medication, a treatable chronic condition, or a 
persistent infection despite medication. Both the presen- 
tation and outcome is a function of the dermatophyte vir- 
ulence and the host's defense capabilities. Immunocom- 
promised individuals invariably fare worse than their im- 
munocompetent counterparts. 
[0130] Treatment - Dermatophytoses can be treated topically or 
orally. The advantage of treating topically is that more ag- 
gressive (toxic) therapy can be employed, whereas orally, 
less toxic drugs are required. However, topical drugs can 
cause itching, burning, redness, and sensitization of the 
infected area. Oral therapy has the advantage of gaining 
access to tissue sites normally unattainable to topical 
therapy (i.e. the nail beds). To gain access to the site of 
action, both routes must overcome the body's natural de- 
fenses to foreign molecules since none of the drugs used 
are endogenous molecules. The imidazoles and triazoles 
are used topically and ketoconazole and griseofulvin 
orally. However, ketoconazole has a large number of side 
effects, especially if used for a long period of time, and T. 
rubrum and T. tonsurans have shown resistance to ther- 
apy. Both oral regimens require careful monitoring and 
some patients may not be treated because of contraindi- 



cations. 

[0131] Antifungal therapy depends on the thickness of the site 
infected. Tinea cruris and corpis require a shorter treat- 
ment time than tinea manum and tinea pedis because the 
skin is thinner in the groin and on the body as compared 
to the hands and feet. Infections localized to the hair folli- 
cle roots require 4 to 6 weeks of treatment (root = 3-4 
mm under the skin surface, at 1 mm/ week growth). The 
fingernails require 4-9 months of treatment, and the toe- 
nails, which grow even slower, require 9-18 months of 
treatment. Due to wearing shoes, the feet and toenails are 
also subjected to an environment which is conductive to 
fungal growth (warm, moist), making it more difficult to 
eliminate the infection. 

[0132] Tinea unguium or onychomycosis has been particularly 

troublesome to treat. Treatment regimens can last as long 
as 18 months, with considerable time and money invested 
in the cure. Nail avulsion (removal) is often included in the 
regimen but may cause considerable postoperative dis- 
comfort. Even so, only a 75-80% cure rate can be obtained 
with fingernail infections. The results are more bleak for 
toenail infections (25% cure rate). If more than one nail is 
involved, a permanent cure is unlikely. It has been esti- 



mated that at least 15-20% of the U.S. population between 
the ages of 40-60 have onychomycosis. 

[0133] clinical application of ALA-induced photosensitization to 
chronic toenail infection with dermatophyte (Trichophyton 
species)An adult male presented with a chronic dermato- 
phytic infection involving the nail of the great toe. The nail 
itself was badly deformed as a result of the infection. The 
surrounding tissues showed evidence of chronic low- 
grade inflammation. 

[0134] a 20% (w/w) solution of 5-aminolevulinic acid (ALA) in an 
oil-in-water emulsion (Glaxal Base) was applied to the 
toenail and surrounding tissues, and then covered with a 
water-resistant plastic dressing (Tegaderm). Four hours 
later, the Tegaderm and residual cream were removed and 
the whole area exposed to photactivating (red) light. 

[0135] The patient experienced a typical subjective response 
while the toe was being exposed to the light - itching, 
stinging, and a sensation of mild burning. Upon comple- 
tion of treatment, the toe was erythematous and some- 
what edematous. This gradually decreased over the next 
few days. 

[0136] over the next few months, all clinical evidence of the fun- 
gal infection vanished. The toenail is now growing without 



deformity. 

[0137] Example 10 - The following organisms accumulate fluo- 
rescing and/or photosensitizing concentrations of PplX 
when exposed to exogenous ALA: 

[0138] (i) Protozoa 

[0139] ( a ) Leishmania - L. donovani[ALA-induced fluorescence] 

[0140] (b) Malaria - Plasmodium yoelii[ALA-induced fluores- 
ce nee] [ALA- induced photosensitization]; Plasmodium 
chaubadi[ALA-induced fluorescence][ALA-induced photo- 
sensitization] 

[0141] (2) Worms 

[0142] ( a ) Nematodes - Lumbricus terrestris 

(dewworm) [ALA- induced fluorescence][ALA-induced pho- 
tosensitization]; Enterobius vermicularis 
(pinworm)[ALA-induced fluorescence][ALA-induced pho- 
tosensitization] 

[0143] Plasmodium yoelii is a malarial parasite that can infect 
and grow progressively to produce a lethal form of 
malaria in susceptible strains of mice and rats. The inven- 
tors have found that, when normal mice are injected with 
standard numbers of blood or spleen cells obtained from 
donors infected with P. yoelii, they die of malaria 10 to 20 



days after such injection. This mouse model is applicable 
to the study of malarial infections in humans, including P. 
vivax, P. falciparum, P. malariae, and P. ovale. 



